Recently, the CDF and DØ collaborations have claimed that the CP violating phase in B 0 s −B 0 s mixing is large, which is contrary to the expectations in the Standard Model. Such a large phase suggests New Physics contributions to B 0 s −B 0 s mixing. Motivated by this, we reevaluate the constraints on R-parity violating contributions, including baryon number violating couplings not considered before, to the mixing mass matrix element M s 12 from the recent measurements of B 0 s −B 0 s mixing. We show that present data allow us to put quite strong constraints on both the magnitudes and the weak phases of the R-parity violating parameters. Some of these bounds are better than the existing ones, and some bounds are obtained for the first time. Near future experiments at the Tevatron, the LHC and B-factories can shrink or reveal the relevant parameter spaces of the R-parity violating couplings.
Introduction
Mixing phenomena in heavy bosons system is considered as an important test of the Standard [1] [2] [3] . More recently, the DØ collaboration has announced evidence for a charge asymmetry in the number of like-sign dimuon events [4] , which can be interpreted as further evidence for large CP violation in B 
However, the CP violating phase is predicted precisely to be small in the SM [6] [7] [8] [9] [10] 
where M s 12 is the off-diagonal element of the ∆B = 2 mass matrix, and Γ s 12 is the off-diagonal element of the decay matrix. The SM prediction for this phase is tiny, φ SM s ≈ 0.004 [7] . The same additional contribution φ NP s due to NP would change this observed phase, i.e., φ s = φ have already been widely studied in recent works (for example, see Refs. [12] [13] [14] [15] [16] [17] [18] [19] ). As one of the most promising candidates for NP, Supersymmetry (SUSY) [20, 21] , in both its R-parity conserving and its R-parity Violating ( R p ) incarnations, is extensively studied. In SUSY without R-parity, the following R p superpotential are also allowed [20] 
where the first three terms violate lepton number, and the last term violates baryon number.
R p SUSY effects in neutral meson mixing have been extensively discussed in the literatures (for example, Refs. [22] [23] [24] [25] [26] [27] The most general ∆B = ∆S = 2 process is described by the effective Hamiltonian [28] H ef f (∆B = ∆S = 2) =
with
where P L(R) = (1 − (+)γ 5 )/2 and the operators Q 1,2,3 are obtained from Q 1,2,3 by the exchange L ↔ R. The hadronic matrix elements, taking into account for renormalization effects, are defined as follows 
2 . The B-parameters given in Table 1 have been taken from Ref.
[29].
The Wilson coefficients C i receive contributions from both the SM and NP. In SUSY without R-parity, we only consider the R p NP effects for the Wilson coefficients, i.e.,
In the SM, the t − W box diagram shown in Fig. 1 
Contributions to Wilson coefficients in Eq. (16) . The λ ′′ box diagrams such as Fig. 1(f) give a contribution to C λ ′′ 1 . As shown in Fig. 1(g 
where the functions I 4 (m ) are defined in Ref. [26] , F (x) is I(x) for p = k as well as L(x) for p = k, and the definitions of I(x) and L(x) can be found in Ref. [23] .
In terms of the effective Hamiltonian given in Eq. (4) 
In the SM, the off-diagonal element of the decay matrix Γ s, SM 12 may be written as [31] Γ s,SM 12
where holds as a good approximation [7, 33] .
In this work, besides the CP violating phase φ J/ψφ s , the experimental bounds of the following quantities will be considered.
• The B s mass difference:
• The B s width difference [34] :
• The semileptonic CP asymmetry in B s decays [35, 36] 
Numerical results and discussions
In this section, we summarize our numerical results and analysis of L as well as B coupling effects in B 0 s −B 0 s mixing. The theoretical input parameters used in our work are collected in Table 1 . In our numerical results, we use the theoretical input parameters and the experimental constraints at 95% C.L.. For the general case, we consider the R p coupling constants are complex, the phases of the R p coupling products are varied from −π to π, while the moduli of the coupling products are assumed to be only positive. When we study the R p effects, we consider only one kind of the R p coupling contributions at one time, neglecting the interferences between different kinds of the R p coupling products, but keeping their interferences with the SM contributions. In addition, we assume the masses of sfermions are 500 GeV. [37]
A = 0.810 ± 0.013, λ = 0.2259 ± 0.0016,ρ = 0.177 ± 0.044,η = 0.360 ± 0.031. [38] η 2B = 0.55 ± 0.01. [39] f Bs = 0.230 ± 0.030 GeV.
[40]
[29]
The following experimental data at 95% C.L. are used to constrain relevant R p couplings
∆M s = 17.77 ± 0.12,
L couplings
Now we discuss the constrains on the L coupling spaces. By using the experimental data and the theoretical input parameters at 95% C.L., which are given in Eqs. (27) (28) (29) (30) and Table 1, respectively, we constrain the allowed ranges of relevant L couplings.
First of all, we take λ Next, using the experimental data in Eqs. (27) (28) (29) (30) , we give the constrained spaces of relevant L couplings. Fig. 3 shows the allowed spaces which arise from the λ ′ − W box diagram as displayed in Fig. 1(e) . Other constrained parameter spaces of L couplings have not been on show, since their allowed R p weak phases have similar allowed regions to one of the plots in Fig. 3 . From Fig. 3 , we see that current experimental data of φ J/ψφ s and ∆M s give very strong bounds on both moduli and phases of all relevant L coupling products, and the upper limits also have similar allowed phases as shown in Fig. 3(a) . λ
i23 from tree-level diagram shown in Fig. 1(b) have similar allowed regions of R p phases to the region in Fig. 3(b Fig. 3(e) . The relevant numerical bounds on moduli of L coupling products are summarized in Table   2 . Previous bounds are also listed for comparison. We present some remarks on the moduli of all relevant L coupling products:
• Almost all bounds on the moduli of L coupling products from current 95% C.L. data of ∆M s , φ J/ψφ s and ∆Γ s are stronger than previous ones in Refs. [22, 41] Table 2 : Bounds on moduli of the relevant L coupling products for 500 GeV sfermions, and previous bounds are listed for comparison. The allowed ranges within the square brackets are obtained from the experimental constraints given in Eqs. (27) (28) (29) (30) and the theoretical input parameters listed in Table 1 at 95% C.L.. "b" denotes that the couplings are constrained from the λ ′ box diagrams such as Fig. 1(c-d) , "b ′ " denotes that the couplings are constrained from the λ ′ − W box diagram as Fig. 1(e) , and "t" denotes that the couplings are bounded from the tree level diagram as Fig. 1(b) . (The similar signs are used in Table 3 ). also affect various decays, relevant L coupling effects in the decays have already been studied in Refs. [22, 26, 42, 43] , and some moduli of them may have better bounds from the decays.
• λ • The contributions of λ Table 2 , |λ
• λ Compared bounds listed in Lines 7-8 of Table 2 , we can see that the stronger bounds on
i23 | come from the tree level contributions.
• λ 
B couplings
Now we turn to discuss B couplings. As given in Eqs. (22) (23) (24) , B couplings λ In Fig. 4 , we show some constrained parameter spaces of B couplings from the experimental data given in Eqs. (27) (28) (29) (30) . 331 is similar to one in Fig. 4(a) , and the allowed phase of λ ′′ 221 λ ′′ * 231 is similar to one in Fig. 4(b) . We can see that current 95% C.L. experimental data of B 0 s −B 0 s mixing give very strong bounds on relevant B phases. However, they do not constrain some moduli a lot.
Our bounds on the moduli of relevant B coupling products are listed in Table 3 . [ 26, 42, 44, 45] , and we summarize them with 500 GeV sfermion mass as follows.
• |λ
[26].
Comparing our results with the existing ones listed above, our upper limits of |λ [22, 41] , in this paper we have used the current bounds not only on ∆M s but also on φ J/ψφ s and ∆Γ s as given in Eqs. (27) (28) (29) (30) . We have found that almost all bounds on the moduli of L coupling products from current 95% C.L. data of ∆M s , φ J/ψφ s and ∆Γ s are much stronger than previous ones only from the 68% C.L. data of ∆M s [22, 41] . We also have obtained quite strong bounds on the R p weak phases of these coupling products. Noted that some L couplings, which may contribute to B and R s from Unitarity Triangle analysis in Ref. [6] . Comparing with the bounds from ∆M s , φ J/ψφ s and ∆Γ s , we find that, after considering to add the bounds of C Bs , φ Bs , φ N P s and R s , the lower limits of moduli of relevant R p coupling products will be shrunk and the ranges of the allowed R p weak phases will be decreased. More detailed measurements of relevant observables at the Tevatron, the LHC and the B-factories in near future can shrink or reveal the relevant parameter spaces of relevant R p couplings.
